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(54) INSULATED GATE BIPOLAR TRANSISTOR AND MANUFACTURE THEREOF 

(57)Abstract: 

PURPOSE: To provide an insulated gate bipolar 
transistor unnecessitating a high-speed diode which has 
been attached externally when the high-speed diode is 
used for driving a motor. 

CONSTITUTION: An N+ region 2 consisting of an 
epitaxial layer and an N- region 3 are formed onto a P+ 
silicon substrate (a collector region) 1, a P+ region 4 is 
formed into the N- region 3 through a selective diffusion, 
and phosphorus is diffused to shape an N+ region 5. A 
silicon dioxide film 6, a polysilicon film 7 and an aluminum 
film 8 are formed successively onto the P+ region 4. The 
collector region side of the P+ silicon substrate 1 is 
irradiated partially with laser beams, and a silicon crystal 
is melted up to the inside of the N- region 2. Melted 
regions are recrystallized (solidified) instantaneously by 
stopping irradiation, and shaped as N-type 
polycrystalline regions 9. A metallic film 10 for an 
electrode is formed onto the exposed surfaces of the P- 
silicon substrate 1 and the polycrystalline regions 9 as 
the collector surfaces of an IGBT. 




-3 



2 



-1 



LEGAL STATUS 

[Date of request for examination] 1 2.01 .1 999 

[Date of sending the examiner's decision of 12.06.2001 
rejection] 

[Kind of final disposal of application other than 
the examiner s decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner s decision 
of rejection] 



http://www1 9.ipdl jpo.go.jp/PA1 /result/detail/main/wAAAX1 aiUTDA4071 53942P1 ... 2003/1 2/1 1 



Searching PAJ 



2/2 v? 



[Date of requesting appeal against examiners 
decision of rejection] 

[Date of extinction of right] 

Copyright (C); 1 998,2003 Japan Patent Office 



http://www1 9.ipdl jpo.go.jp/PA1 /result/detail/main/wAAAX1 aiUTDA4071 53942P1 .. 



2003/12/11 



1/1 V 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The insulated-gate type bipolar transistor characterized by providing the following The 
1 conductivity-type substrate used as a collector field The 1st field of a conductivity type 
besides high concentration used as the buffer area formed on the 1 principal plane of this 1 
conductivity-type substrate The 2nd field of a conductivity type besides the low concentration 
formed on this 1st field It formed in the 4th field of a conductivity type besides high 
concentration used as the emitter region formed in the front face in the 3rd field of high 
concentration 1 conductivity type used as the gate field formed in the front face in this 2nd field, 
and this 3rd field, and the field which arrives at the interior of the 1st field of the above from the 
other principal planes of the aforementioned 1 conductivity-type substrate, and also is the 5th 
field of a conductivity type. 

[Claim 2] The manufacture method of the insulated-gate type bipolar transistor characterized by 
providing the following The process which forms the 1st field of a conductivity type besides high 
concentration used as a buffer area on the 1 principal plane of the 1 conductivity-type substrate 
used as a collector field, forms the 2nd field of a conductivity type besides low concentration on 
this 1st field, forms the 3rd field of high concentration 1 conductivity type used as a gate field in 
the front face in this 2nd field, and forms the 4th field of a conductivity type besides high 
concentration used as an emitter region in the front face in this 3rd field The process which 
dissolves partially, is made to recrystallize and forms the 5th field of other conductivity types 
until it irradiates a laser beam partially from the other principal planes of the aforementioned 1 
conductivity-type substrate and arrives at the interior of the 1st field of the above from the 
other principal planes of the aforementioned 1 conductivity-type substrate 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the insulated-gate type bipolar transistor (in the 
text, it abbreviates to "IGBT" hereafter) used as a semiconductor device for motorised, and its 
manufacture method. 
[0002] 

[Description of the Prior Art] Conventionally, the bipolar transistor and MOSFET have been used 
as a semiconductor device for motorised. Moreover, recently, IGBT attracts attention. The type 
section view of the conventional IGBT is shown in drawing 3 . It is P+ from which 1 becomes a 
collector field in drawing 3 . A silicon substrate and 2 are N+ used as a buffer area. A field and 3 
are N. - A field and 4 are P+ used as a gate field. A field and 5 are N+ used as an emitter region. 
A field, the silicon-dioxide film with which 6 becomes a gate oxide film, and 7 are a polysilicon 
contest film, the electrode which 8 becomes from an aluminum film, and a metal membrane for 
electrodes in 10. 

[0003] This conventional IGBT is N+ from an emitter region to a collector field. A field 5 and P+ 
A field 4, N - A field 3 and N+ A field 2 and P+ It consists of a silicon substrate 1 and is 
N+/P+/N-/N+/P+. It has structure. 
[0004] 

[Problem(s) to be Solved by the Invention] The above-mentioned conventional IGBT is 
N+/P+/N-/N+/P+ from an emitter region to a collector field, as mentioned above. P+ which it 
has structure and is a collector field Diode is not built in by existence of a silicon substrate 1. 
Therefore, in case IGBT is used as an object for motorised, it is necessary to carry out external 
[ of the high-speed diode ] between the collector \emitters of IGBT as diode for reflux. 
Therefore, it leaves technical problems, such as a limit of the man day rise for high-speed diode 
cost and installation, and a miniaturization of the package according to reservation of an 
installation place further. Since it uses IGBT and six high-speed diodes at a time per set when 
using for the inverter module for three-phase motors especially, the modular cost price is 
influenced greatly. 

[0005] In case the purpose of this invention is used as an object for motorised, it is offering 
IGBT which makes unnecessary high-speed diode which was carrying out external 
conventionally, and its manufacture method. 
[0006] 

[Means for Solving the Problem] The 1st field of a conductivity type besides high concentration 
used as the buffer area formed on the 1 principal plane of the 1 conductivity-type substrate 
from which IGBT according to claim 1 serves as a collector field, and this 1 conductivity-type 
substrate, The 3rd field of high concentration 1 conductivity type used as the gate field formed 
in the front face in the 2nd field of a conductivity type besides the low concentration formed on 
this 1 st field, and this 2nd field, It formed in the 4th field of a conductivity type besides high 
concentration used as the emitter region formed in the front face in this 3rd field, and the field 
which arrives at the interior of the 1st field from the other principal planes of a 1 conductivity- 
type substrate, and also has the 5th field of a conductivity type. 
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[0007] IGBT according to claim 2 forms the 1st field of a conductivity type besides high 
concentration used as a buffer area on the 1 principal plane of the 1 conductivity-type substrate 
used as a collector field. Form the 2nd field of a conductivity type besides low concentration on 
this 1st field, and the 3rd field of high concentration 1 conductivity type used as a gate field is 
formed in the front face in this 2nd field. The process which forms the 4th field of a conductivity 
type besides high concentration used as an emitter region in the front face in this 3rd field, It is 
characterized by including the process which dissolves partially, is made to recrystallize and 
forms the 5th field of other conductivity types until it irradiates a laser beam partially from the 
other principal planes of a 1 conductivity-type substrate and arrives at the interior of the 1st 
' field from the other principal planes of a 1 conductivity-type substrate. 
[0008] 

[Function] Since the 5th field of other conductivity types is established in the field which arrives 
at the interior of the 1st field (buffer area) from the other principal planes of a 1 conductivity- 
type substrate (collector field) according to the composition of this invention, MOSFET which 
consists of the 5th field (drain), the 1st field, the 2nd field, the 3rd field, and the 4th field 
(source) is built in. That is, the compound die IGBT which made common the gate and the 
emitter (source) of IGBT and MOSFET, and also communalized the collector (drain) can be 
formed. Therefore, the diode currently formed between the drain sources of MOSFET can be 
used as diode between the collector emitters of IGBT. 

[0009] Moreover, it can dissolve partially and the 5th field of other conductivity types can be 
easily formed by making it recrystallize until it irradiates a laser beam partially from the other 
principal planes of the 1 conductivity-type substrate which diffusion process ended and arrives 
at the interior of the 1st field of a conductivity type besides high concentration from the other 
principal planes of a 1 conductivity-type substrate. 
[0010] 

[Example] Drawing 1 is the type section view of IGBT of one example of this invention, and 
drawing 2 is the representative circuit schematic. It is P+ from which 1 becomes a collector field 
in drawing 1 . Silicon substrate (1 conductivity-type substrate), 2 is N+ used as a buffer area. A 
field (the 1st field) and 3 are N. - Field (the 2nd field), 4 is P+ used as a gate field. A field (the 
3rd field) and 5 are N+ used as an emitter region. Field (the 4th field), The silicon-dioxide film 
with which 6 becomes a gate oxide film, and 7 are a polysilicon contest film, the electrode which 
8 becomes from an aluminum film, and a metal membrane for [ 9 ] electrodes in the polycrystal 
field (the 5th field) of N type, and 10. 

[001 1] IGBT of this example is P+. A silicon substrate 1 to N+ It is characterized by establishing 
the polycrystal field 9 of N type in the field which arrives at the interior of a field 2. The 
manufacture method of this IGBT is explained. P+ of the specific resistance 0.01 ohm-cm which 
added boron Antimony is added on a silicon substrate (collector field) 1, and it is N+. N+ which 
consists of an epitaxial layer of specific resistance 0.05 ohm-cm 15 micrometers of fields 2 are 
formed. Then, N which added Lynn - N which consists of an epitaxial layer ofohm [ of specific 
resistance / 40 ], and cm - 50 micrometers of fields 3 are formed. And N - It is P+ by the 
selective diffusion in a field 3. After forming a field 4, high concentration is made to diffuse Lynn, 
and it is N+. A field 5 is formed. Then, P+ On a field 4, the silicon-dioxide film 6 with a thickness 
of 800A, the polysilicon contest film 7 with a thickness of 0.5 micrometers, and the aluminum film 
8 with a thickness of 3 micrometers are formed one by one. 

[0012] Next, it is P+. A laser beam is irradiated partially at the collector field side of a silicon 
substrate 1, and it is N+. A silicon crystal is dissolved to the interior of a field 2. The dissolved 
field is immediately recrystallized by stopping irradiation (solidification), and turns into the 
polycrystal field 9 of N type, this — N+ N+ of high concentration [ field / 2 ] it is — since 
moreover and recrystallization speed are early, it becomes the polycrystal of N type easily 
[0013] Then, P+ used as the collector side of IGBT The metal membrane 10 for electrodes is 
formed in the exposed surface of a silicon substrate 1 and the polycrystal field 9. It is [ the 
polycrystal field 9 of N type, and ] N by forming the polycrystal field 9 of N type according to this 
example. - A field 3 and P+ A field 4 and N+ N channel MOSFET which consists of a field 5 will 
be formed, and as shown in drawing 2 , the diode 1 1 currently formed between the drain sources 
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of MOSFET will be formed between the collector emitters of IGBT. Thus, IGBT which carried out 
the viscus of the diode 1 1 can be easily obtained only by adding the partial dissolution and the 
recrystallization process of a collector field and a buffer area by the laser beam to the 
manufacturing process of the conventional IGBT. Therefore, in case it uses as an object for 
motorised, it is not necessary to carry out external [ of another diode ]. Consequently, in case 
an IGBT device is conventionally used for motorised, making unnecessary required high-speed 
diode for external and external man day abolition is enabled, and it can contribute to reduction of 
a manufacturing cost. 

[0014] Moreover, P+ Since irradiate a laser beam partially at the collector field side of a silicon 
substrate 1 , it dissolves and recrystallizes, the polycrystal field 9 of N type is formed and it is 
made the flat side, when an IGBT chip is soldered to a leadframe, there is little generating of a 
void, consequently it can also make a thermolysis property good. In addition, the field which 
irradiates a laser beam and is dissolved is P+. A silicon substrate 1 is penetrated and it is N+. 
The thing of a field 2 a part [ thing ] is supposed is required. Because, N+ A field 2 is made to 
penetrate and it is N. - It is because pressure-proofing will fall if it arrives at a field 3. On the 
other hand, it is P+. Diode 1 1 is not formed when not penetrating a silicon substrate 1. Moreover, 
what is necessary is just to use the metal plate which made many pinholes, in order to irradiate a 
laser beam partially. Although the ratio of the field which is not made into the field to irradiate is 
related to the current capacity of IGBT and diode 1 1, it is good at about 1:1. 
[0015] Moreover, although one conductivity type was made into P type and other conductivity 
types were explained as N type in the above-mentioned example, it is not restricted to this. 
[0016] 

[Effect of the Invention] According to this invention, IGBT in which MOSFET was built can be 
obtained by establishing the 5th field of other conductivity types in the field which arrives at the 
interior of the 1st field (buffer area) from the other principal planes of a 1 conductivity-type 
substrate (collector field). Therefore, the diode currently formed between the drain sources of 
MOSFET can be used as diode between the collector emitters of IGBT. Consequently, in case an 
IGBT device is conventionally used for motorised, making unnecessary required high-speed diode 
for external and external man day abolition is enabled, and it can contribute to reduction of a 
manufacturing cost. 

[0017] Moreover, it can dissolve partially and the 5th field of other conductivity types can be 
easily formed by making it recrystallize until it irradiates a laser beam partially from the other 
principal planes of the 1 conductivity-type substrate which diffusion process ended and arrives 
at the interior of the 1st field of a conductivity type besides high concentration from the other 
principal planes of a 1 conductivity-type substrate. 



[Translation done.] 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



2003/12/11 



1/1 s<—¥ 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the cross section of IGBT of one example of this invention. 

[Drawing 2] It is the representative circuit schematic of IGBT of one example of this invention. 

[Drawing 3] It is the cross section of the conventional IGBT. 

[Description of Notations] 

1 P+ Silicon Substrate (1 Conductivity-Type Substrate) 

2 N+ Field (1st Field) 

3 N - Field (2nd Field) 

4 P+ Field (3rd Field) 

5 N+ Field (4th Field) 

9 Polycrystal Field of N Type (5th Field) 
11 Diode 
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DRAWINGS 



[Drawing 1] 
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[Drawing 2] 
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[Drawing 3] 
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